The purpose of this study is to examine the effects of a 3-month interval walking program on peak aerobic capacity and cardiovascular risk factors in middle-aged sedentary individuals. Participants were divided into 2 groups: a nontraining control group (n = 17) and an interval walking training group (n = 29). Participants in the interval walking training group were instructed to perform 5 or more sets of 3-min low-intensity walking interspersed by 3-min of moderate to highintensity walking (>70% of peak aerobic capacity) on 4 or more days/week. Measurements of peak aerobic capacity, blood pressure, blood lipids, and glucose concentration were performed before and after training. Twenty-six individuals completed the interval walking program averaging 4 days/week for 34 min, of which 16 min were moderate to high-intensity walking, with a total energy expenditure of 776 kcal/week. Three months of interval walking increased peak aerobic capacity (from 20.4 ± 3.0 to 26.0 ± 5.2 mL/kg/min; P < .001) and reduced resting systolic blood pressure (127 ± 11 to 119 ± 11 mm Hg; P = .01). There was an inverse correlation between initial level and training-induced changes in glucose, HbA1c, high-density lipoprotein, and low-density lipoprotein. Conversely, 3 months of nontraining did not improve physical fitness or cardiovascular risk factors. Very modest amounts of aerobic exercise involving brief periods of interspersed higher intensity exercise can significantly increase peak aerobic capacity and reduce resting systolic blood pressure in middle-aged sedentary individuals and contribute to a normalization of cardiovascular risk factors in individuals with elevated initial values.
Introduction
Physical inactivity is a major risk factor for cardiovascular disease, and the accompanying low peak aerobic capacity is a powerful predictor of all-cause mortality and cardiovascular events in healthy men and women. 1, 2 Less than half of American adults meet the American College of Sports Medicine general recommendations for improving cardiorespiratory fitness, which are to exercise at moderate intensity for a minimum of 30 min at least 5 days/week or to perform vigorous-intensity exercise for a minimum of 20 min 3 days/week. 3 Moreover, 25% of the American population is affected by metabolic syndrome, 4 a combination of medical disorders characterized by high blood pressure (BP), elevated triglycerides and glucose levels, low highdensity lipoprotein, and central obesity leading to increased risk for cardiovascular disease and type 2 diabetes. Regular physical activity is associated with a reduced risk of cardiovascular disease in part through beneficial effects on lipid control, 5 with higher levels of physical activity resulting in lower risk of cardiovascular disease and premature mortality. 3 The primary self-reported reason for physical inactivity is lack of time, 6 therefore, there is a need for novel ways to design training programs that increase fitness while minimizing training duration and time constraints for the individual.
Mild-to moderate-intensity exercise programs are usually recommended for adults as there are potential risks and adherence issues associated with high-intensity activity. Accordingly, walking has been widely recommended in middle-aged individuals as it is a popular, accessible, and low-risk activity. 7 Sedentary individuals can experience additional health benefits by performing higher intensity exercise. 3, 8 Although the response of cardiovascular risk factors to short-term exercise programs remains equivocal, 5 we hypothesized that interval training would generate changes in these parameters. Therefore, the purpose of this study was to examine the effects of a 3-month interval walking training program on peak aerobic capacity and cardiovascular risk factors in middle-aged sedentary individuals.
Methods
Twenty-three men and 23 women were divided into 2 groups: 29 individuals (14 men; age, 54 ± 8 years; height, 167 ± 11 cm) in the interval training group and 17 age-, height-, body mass index-, and peak aerobic capacitymatched individuals (9 men; age, 50 ± 6 years; height, 170 ± 10 cm) in the nontraining group. All participants had reportedly performed less than three 20-min sessions of moderate intensity exercise per week for 2 or more years. Participants were excluded from the study if they had significant hypertension (resting BP>160/100 mm Hg), a known heart condition, or bone or joint problems keeping them from walking. Of all participants, 4 were taking betablockers, 2 angiotensin-converting enzyme inhibitors, 2 diuretics, 5 hypolipidemic drugs, and 3 were cigarette smokers. The study protocol was approved by the Mayo Clinic Institutional Review Board, and all participants gave written informed consent. All participants in the training group were equipped with a triaxial accelerometer (Jukudai Mate, Kissei Comtec, Japan), which they carried at the waist during walking to quantify training duration, intensity, and frequency.
Pretraining Visit
Anthropometric measurements included height, weight, and body fat percentage (TBF-310GS, Tanita Corporation of America, Inc., Arlington Heights, IL) as well as waist and hip circumferences. Waist circumference was measured at the narrowest waist level or, when not apparent, at the mid-point between the lowest rib and the top of the iliac crest. Hip circumference was measured at the widest part of the hips. All measurements were performed twice and average values were used to calculate waist to hip ratio. Blood pressure was measured twice using a sphygmomanometer and stethoscope following 5 min of seated rest and the average of both measurements was calculated.
Peak aerobic capacity was estimated with the triaxial accelerometer by performing a 12-min graded walking test consisting of 4 stages of 3 min: standing, slow walking, moderate walking, and fast walking. 8 Each individual performed the graded walking test at their own walking speed, and the test took place on a walking track. Peak power was calculated from the total impulses recorded by the triaxial accelerometer in the last 30 seconds of the fast walking stage, and was then converted to peak aerobic capacity. 9 Briefly, the absolute value of total accelerations was calculated as the square root of the summed vectors of each direction and total impulse was calculated by integrating the absolute acceleration at a given period. 9 Heart rate (HR) was determined during the graded walking test by an infrared sensor placed on the ear lobe. Standing HR was defined as an average of the first 30 seconds of standing and peak HR was defined as an average of the last 30 seconds of fast walking. Peak oxygen pulse was calculated by dividing peak aerobic capacity by peak HR. Within a week of the graded walking test, participants reported to the outpatient phlebotomy unit of the Mayo Clinic for collection and analysis of fasting levels of total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides (TG), blood glucose, and glycosylated hemoglobin (HbA1c).
The estimation of peak aerobic capacity by this graded walking test has previously been shown to be highly correlated with oxygen consumption obtained from gas analysis (r = .96; P < .001). 10 However, we also determined the accuracy to estimate aerobic capacity from the accelerometer by simultaneously measuring aerobic capacity with the accelerometer and with a portable gas analyzer (New Leaf, St. Paul, MN). All participants in the nontraining group repeated the graded walking test on a treadmill within a week from the pretraining visit. The test consisted of 4 stages of 3 min: standing, slow walking at 1.5 mph, moderate walking at 2.5 mph, and fast walking at a speed chosen by the subject (average speed, 3.9 ± 0.1 mph). There was a strong correlation between aerobic capacity determined by gas analysis and aerobic capacity estimated by the accelerometer during each minute of graded walking (r = .91; P < .0001; Figure 1 ).
Interval Walking Training
The use of the triaxial accelerometer allowed individualization of the training intensity and ensured that all participants performed the same interval walking training program. Energy expenditure was estimated by the triaxial accelerometer through established predictive equations taking height, weight, age and gender of each participant into consideration. 11 Participants were instructed to perform interval walking for >30 consecutive min on a minimum of 4 days/week over 3 months. Participants were instructed to repeat 5 or more sets of 3 min low-intensity walking at ~40% of peak aerobic capacity followed by 3 min of moderate to high-intensity walking above 70% of peak aerobic capacity, for a total of 6 min per set. The power corresponding to 70% of peak aerobic capacity was calculated for each participant. Every 3 min, the accelerometer played a melody to inform participants to adjust their walking intensity. With each completed minute of moderate to highintensity walking, another melody informed participants that their walking intensity was sufficiently above 70% of peak aerobic capacity. The absence of melody informed participants that their walking intensity needed to be increased. The moderate to high-intensity (>70% of peak aerobic capacity) was chosen as a sufficient stimulus for developing fitness, whereas an interval of 3 min was chosen as longer interval durations result in fatigue and increased dyspnea in sedentary individuals. 8 Instructions and mastery of the interval walking program with the accelerometer was achieved by each participant at the beginning of training. Participants could then perform the training program at the location and time of their choice and all had access to the indoor track and treadmills of the Dan Abraham Healthy Living Center (Employee Wellness Center). Every 2 weeks, training data were downloaded from the accelerometer to ensure that target levels were achieved and to give feedback to participants. Participants in the nontraining group were instructed to maintain a sedentary lifestyle.
Posttraining and Statistical Analysis
By considering an increase in peak aerobic capacity of 5 mL/kg/min as being significant, a sample size of 21 participants was calculated (power, 80%; alpha, 0.05). Twenty-nine participants were enrolled and started the interval walking training. Three women did not complete the training program due to unrelated injuries (broken foot, back injury, sprained ankle). Training characteristics of the training group are presented in Table 1 . Measurements of anthropometric values, peak aerobic capacity, standing and peak HR, BP, blood lipids, HbA1c, and glucose levels were repeated following completion of the training. Posttraining assessments took place within a week of the last exercise session for the participants in the interval walking training group. Pre-and posttraining differences were evaluated with Student's paired t test. Multiple linear regression models were constructed using forward stepwise selection to assess whether initial levels of cardiovascular risk factors made additional contributions to the measured levels after accounting for the independent effect of age, gender, weight, and fitness. Pearson's correlations were used for the analysis of associations between changes in peak aerobic capacity, training characteristics and anthropometric changes. All data are presented as means ± standard deviations. A P value < .05 was considered significant.
Results
In the interval walking training group, peak aerobic capacity increased by >25% and systolic BP was reduced by 8 ± 13 mm Hg following training ( Table 2 ). The changes in peak aerobic capacity were independent of age, gender as well as initial peak aerobic capacity but were dependent on the amount of steps being walked per day, initial weight, as well as body mass index of the individuals, with lighter individuals having greater increases in aerobic capacity. The training-induced decrease in systolic BP was inversely correlated with the initial levels of systolic BP (r = −0.57; P = .002).
Interval walking training resulted in small but significant decreases in weight, body mass index, waist and hip circumference, as well as a decrease in HDL levels. No other changes in cardiovascular risk factors were observed ( Table 2) . Changes in HDL, LDL, HbA1c, and glucose Figure 1. Relationship between peak aerobic capacity (VO 2 ) measured from a portable metabolic system and peak aerobic capacity estimated from the triaxial accelerometer. Triangles, standing; circles, slow walking; rectangles, moderate walking; and diamonds, fast walking. levels were inversely correlated to their respective initial levels, even after accounting for the independent effect of age, gender, initial weight, changes in weight, or initial levels of aerobic capacity, ie, participants with elevated initial values showed normalization of these cardiovascular risk factors with training ( Figure 2 ). Changes in TC levels were dependent on gender with greater decreases being observed in men. Three months of interval walking increased peak oxygen pulse but did not change body fat percentage, diastolic BP, and standing and peak HR ( Table 2) . Three months of nontraining did not change peak aerobic capacity, systolic and diastolic BP, weight, body mass index, body fat percentage, waist and hip circumference, standing and peak HR, or peak oxygen pulse ( Table 2 ). The only changes following 3 months of nontraining were a decrease in HDL and an increase in glucose levels. Only changes in glucose were inversely correlated to their respective initial levels, even after accounting for the independent effect of age, gender, initial weight, changes in weight, or initial levels of peak aerobic capacity (r = −0.68; P = .004).
Discussion
An interval walking program of 3 months was sufficient to increase peak aerobic capacity and reduce resting systolic BP in middle-aged sedentary individuals. Interval training also contributed to a normalization of cardiovascular risk factors in individuals with mild dyslipidemia and dysglycemia. Studies examining the effects of short-tem aerobic training lasting <5 months showed an average gain of 17% in maximal aerobic capacity in sedentary individuals. 12 It is generally accepted that increasing intensity or quantity of exercise will generate greater increases in maximal aerobic capacity. 13 Thus, despite keeping the volume of exercise and energy expenditure at a minimum, increasing exercise intensity through interval training induced a 25% increase in peak aerobic capacity in middle-aged sedentary individuals. Because there is a strong inverse and graded reduction in mortality risk with increased exercise capacity, 14 this increase in peak aerobic capacity suggests that interval walking training results in a decreased risk for all-cause mortality in middle-aged sedentary individuals.
Short-term exercise training has been shown to decrease BP before inducing improvement in maximal aerobic capacity. 15 By increasing exercise intensity through interval training, we observed a reduction of 8 ± 13 mm Hg in resting systolic BP in middle-aged normotensive individuals. These results are in agreement with the findings of Nemoto et al 8 who reported that 5 months of high-intensity interval walking training induced a greater reduction in systolic BP than moderate-intensity continuous walking training (9 versus 3 mm Hg).
Although exercise training is known to decrease the risk of cardiovascular disease, there is a minimal and inconsistent beneficial effect of training on lipoprotein and glucose levels. 16 Without weight loss, improvements in lipoprotein levels are related to the quantity and not to the intensity of exercise or to improvement in maximal aerobic capacity. 16 Previous studies on the effect of walking on blood lipids have reported conflicting results. 5 Indeed, using a meta-analytic approach, Kelley et al. 5 reported that 6 months of brisk walking for a minimum of 30 min for at least 5 days/week reduces LDL but does not change TC, HDL, or TG, independently of changes in body composition. Randomized controlled trials on the effects of walking on HDL generally conclude that exercise duration and not intensity is the most important factor in increasing HDL. 17 Moreover, short-term exercise training generating <900 kcal/week in energy expenditure with the absence of weight loss has no influence on HDL levels. 18 Similarly, there are contradictory results regarding the effect of walking on blood glucose levels 19, 20 and 3 months of interval walking was not sufficient to reduce glucose and HbA1c levels. Therefore, even with greater exercise intensity, the low quantity of exercise and the absence of an important weight loss in our study possibly contributed to the lack of changes in the lipoprotein profile and glucose levels.
The accelerometer allowed individualization of the training program as well as documentation and quantification of the activity performed during each exercise session. Moreover, the uniqueness of the accelerometer allowed uniformity of training by ensuring that proper intensities and timing were achieved by all participants. The dropout rate for adults participating in a fitness program approximates 25%-35% for training lasting 10-20 weeks, and this rate is only partly explained by injuries. 21 The dropout rate also increases when the exercise intensity is >50% of peak aerobic capacity. 22 Despite exercise intensities >70% of peak aerobic capacity, the use of the accelerometer resulted in high compliance as every participant, beside 3 individuals with unrelated injuries, completed the training. Moreover, the risk of musculoskeletal injuries increases with increasing intensity and amount of activity 23 but it is safe to assume that walking, even at higher intensities, represents a low-risk activity. Therefore, exercise prescription in middle-aged sedentary adults should encourage some higher-intensity component during walking. A community intervention taking place in Nagano Prefecture, Japan, has already shown health benefits associated with interval walking training. Indeed, thousands of middle-aged and older individuals performed the interval walking training and the observed changes in peak aerobic capacity were closely linked with indices of lifestyle-related diseases. 24 Such health interventions could be implemented in communities in the United States.
Although participants were instructed not to take part in any other type of regular exercise activity, the lack of assessment of other exercise habits and/or diet remains a limitation of the study. Finally, exercise response is influenced in large part by genetic variation 25 and there are marked interindividual differences in the response to training. Future studies are needed to examine the genetic profiles of participants who had the greatest versus the smallest responses to exercise training to determine individualized approaches to improve fitness.
Conclusions
Three months of interval walking training consisting of a low volume of exercise was sufficient to increase peak aerobic capacity and reduce resting systolic BP but not sufficient to improve lipoprotein profile and glucose levels in middle-aged sedentary individuals. Interval walking training normalized cardiovascular risk factors in individuals with mild dyslipidemia and hyperglycemia. Finally, short duration interval walking training may have significant health benefits in middle-aged sedentary individuals.
